IN THE UNITED STATES, an estimated 1% of people experience homelessness in a given year, 1 and con cerns have been expressed about a potential increase in homelessness during the recent economic down turn. 2 Substance abuse, incarceration and human im munodeficiency virus (HIV) infection-conditions that more frequently affect homeless persons-are also risk factors for tuberculosis (TB). [3] [4] [5] [6] Persons with out stable housing and employment often lack access to medical care, 7,8 which delays the diagnosis of TB, 9 resulting in prolonged infectious periods. 10 TB geno typing data suggest that homelessness is associated with greater transmission, 11,12 and homeless-associated outbreaks can be substantial, involving large numbers of patients and multiple sites of transmission. 3, [13] [14] [15] [16] [17] [18] TB was recognized as a disease associated with homelessness as early as 1914. 19 Since 1993, when national TB surveillance began to include patients' housing status, the proportion of persons with inci dent TB who were homeless during the year before diagnosis has remained stable, at close to 6%.
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METHODS

Patient population
As part of the National TB Surveillance System, the 50 US states and the District of Columbia report all verified TB cases to the Centers for Disease Control and Prevention (CDC). 20 A person with TB is reported as homeless if, during the 12 months before the ini tial diagnostic evaluation for TB, the person lacked a fixed, regular and adequate night-time residence; had a primary night-time residence that was a supervised publicly or privately operated shelter, an institution that provides temporary residence, or a public or pri vate building not designated for, or ordinarily used as, a regular sleeping accommodation for human beings; or had no home or was alternating between multiple residences. 22 We analyzed all reported TB cases dur ing 1994-2010 to determine the number and propor tion among persons reported as homeless.
TB incidence among homeless persons
Population denominators for calculating national TB incidence rates were based on HUD's Annual Homeless Assessment Reports. 21, 23 We estimated a TB 
Ethical review
Approval by an institutional review board was not required; as the data were collected and analyzed for this project as part of routine TB surveillance, the project was not considered research involving human subjects. Investigators did not have access to identify ing data.
RESULTS
Patient population
The National TB Surveillance System included 270 948 reported and verified TB cases during 1994-2010. Except for HIV results, which some states did not consistently report during this period, completeness of reporting was >90% for all variables examined. Overall, 16 527 (6%) TB cases were diagnosed among persons who had experienced homelessness during the previous 12 months. The annual number of TB cases among US-born homeless persons declined from 
Tuberculosis incidence among homeless persons
Based on an estimated 1.6 million sheltered and un sheltered individuals per year in the United States during 2006-2010, 21,23 the annual TB incidence rate among homeless persons ranged from 36 to 47 cases per 100 000 population. Table 1 shows the demographic, risk factors and clin ical characteristics of homeless persons diagnosed with TB, stratified by US or foreign birth, with nonhomeless persons as the referent group. Most home less TB patients were males between the ages of 25 and 64 years. The majority of the US-born homeless persons with TB were Black (52%) or White (34%) non-Hispanic; the majority of the foreign-born were of Hispanic ethnicity (67%). The prevalence of re ported HIV coinfection was higher among both USand foreign-born homeless persons with TB than in the non-homeless (22% vs. 9% and 15% vs. 5%, re spectively). The proportion of homeless TB patients who were deceased at diagnosis or who died during treatment was the same as among non-homeless pa tients (8%) (data not shown).
Descriptive results
Of all the characteristics analyzed, substance abuse yielded the strongest association with homeless com pared to non-homeless TB patients. The odds of sub stance abuse was 8.3 (95%CI 8.0-8.7) among US-born homeless TB patients and 12.3 (95%CI 11.5-13.2) among foreign-born homeless TB patients.
Overall, homeless TB patients had a greater likeli hood of not completing treatment due to being lost to follow-up, having moved or refusing treatment. When stratifying by origin of birth, US-born home less TB patients had 2.3 times (95%CI 2.2-2.5) and foreign-born homeless TB patients 2.6 times (95%CI 2.3-2.9) the odds of not completing treatment. Among homeless persons, the additional risk factor of incar ceration (but not substance abuse or HIV infection) increased the risk of not completing treatment, par ticularly among the foreign-born homeless; only 60% of foreign-born persons who were residents of correc tional facilities at the time of TB diagnosis after having been homeless during the previous 12 months were 
DISCUSSION
Although the number of TB cases among persons ex periencing homelessness decreased between 1994 and 2010, the proportion of total TB cases that occurred among homeless persons remained stable, at 6%, and they were disproportionately represented in genotype clusters that suggested local transmission. Furthermore, the annual TB incidence associated with homeless ness was approximately 10-fold the rate in the general population (i.e., an estimated 36-47/100 000 homeless persons for 2006-2010, in contrast to the overall TB incidence rate of 3.6/100 000 20 ), which empirically supports the perception that homeless individuals had a higher TB burden. Mirroring the trend in the overall epidemiology of TB in the United States, foreign-born persons consti tute an important and growing proportion of home less persons with TB ( Figure) . 26, 27 However, with the exception of race, ethnicity and age group, foreignborn homeless TB patients were often more similar to their US-born homeless counterparts than to other foreign-born TB patients, particularly with regard to treatment completion and substance use (Table 1) . A recent study among homeless persons in Boston high lights drug overdose as a growing cause of death in this population. 28 Addressing TB among homeless persons represents both one of our greatest challenges and opportunities in achieving our national goal of TB elimination. 29 The areas where the demographic characteristics of homeless TB patients do not align with those of the general population of homeless in the United States 21, 23 suggest that additional risk factors, such as recent in carceration, are particularly conducive to TB, but also that certain other factors might be protective. These differences can assist TB control programs in developing interventions for those individuals at highest risk for TB. For example, one notable fi nding is the very small number of homeless children diag nosed with TB despite the fact that 20% of the home less population is reported to be aged <18 years. 21 Children experiencing homelessness may be protected from TB exposure through a different experience with the shelter system, such as separate sleeping areas for youth and families with children, thus reducing potential TB exposure associated with overcrowding.
Our TB genotyping findings are consistent with re cent analyses that have shown that TB genotype clus ters with fewer patients are more likely to grow into large outbreaks when one of the initial patients in the cluster is homeless. 11 The risk factors of US birth, male sex, racial/ethnic minority and substance abuse have been found to be associated with greater TB transmission among homeless persons. 30 We found that homeless TB patients had over twice the odds of living in a county with at least one other TB case with a matching genotype, suggesting more local transmis sion than was seen among non-homeless counter parts. Homeless persons were also overrepresented in the country's statistically most worrying genotype clusters: they comprised 19-20% of those clusters despite comprising only 6% of the overall TB cases reported for 2005-2010. There are a number of limitations to this study. We were unable to calculate a separate TB incidence rate for foreign-born persons because HUD's Annual Homeless Assessment Reports, 21,23 which we used to estimate homeless population denominators, do not collect information on country of origin. While the definition of homelessness is standardized for national TB surveillance purposes, the definition might still be applied differently across TB reporting jurisdictions. Our surveillance system does not capture history of incarceration among all homeless TB patients. We may therefore be underestimating TB transmission among this highly mobile population. In addition, HUD's national population estimates of sheltered homeless persons exclude those who do not seek any shelterbased services during the year (e.g., persons exclu sively living in places not meant for human habita tion or who are staying with family or friends), thus potentially underestimating the true number of un housed or unstably housed persons. The proportion of homeless persons that fall into this latter category is unknown, but to the extent that they are missed, our estimated TB rates are inflated. However, it is un likely that the 10-fold increase that we found is solely due to such methodological factors. The ability to detect genotype clusters is dependent upon adequate genotype surveillance coverage. Although 89% of culture-positive TB cases had corresponding geno type results in 2010, coverage was as low as 51% in 2004, when the United States began to offer univer sal TB genotyping services. 24 As the overall number of TB cases continues to de cline nationally, 20 the case rate in homeless individu als remains unacceptably high. Available data did not allow us to ascertain the timeliness of TB diagnosis among persons experiencing homelessness. However, the odds of having acid-fast bacilli smear-positive or cavitary TB disease were higher among homeless per sons, suggesting more infectious disease, possibly due to delayed diagnosis and treatment. Homeless shel ters, which are conducive to crowding and house populations with increased risk of advanced TB dis ease, are prime settings for TB transmission. 18 TB screening before admission to shelters may reduce the risk of TB transmission in homeless shelters and facilitate treatment for homeless TB patients. Further more, identification and treatment of homeless persons with latent tuberculous infection (LTBI) provides an opportunity to prevent future cases in this popula tion and potential cost savings for health jurisdic tions. 31 Ultimately, addressing LTBI may have the greatest impact on reducing TB disease burden within this high-risk group. A new LTBI treatment regimen that reduces the treatment time from 9 to 3 months might increase LTBI treatment success among the of ten transient homeless population. 
